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Heusler alloys have been intensively studied due to the wide variety of properties that they exhibit.
One of these properties is of particular interest for technological applications, i.e. the fact that some
Heusler alloys are half-metallic. In the following, a systematic study of the magnetic properties
of three different Heusler families Co2MnZ, Co2FeZ and Mn2VZ with Z = (Al, Si, Ga, Ge) is per-
formed. A key aspect is the determination of the Gilbert damping from first principles calculations,
with special focus on the role played by different approximations, the effect that substitutional
disorder and temperature effects. Heisenberg exchange interactions and critical temperature for
the alloys are also calculated as well as magnon dispersion relations for representative systems,
the ferromagnetic Co2FeSi and the ferrimagnetic Mn2VAl. Correlations effects beyond standard
density-functional theory are treated using both the local spin density approximation including the
Hubbard U and the local spin density approximation plus dynamical mean field theory approx-
imation, which allows to determine if dynamical self-energy corrections can remedy some of the
inconsistencies which were previously reported for these alloys.
I. INTRODUCTION
The limitations presented by traditional electronic de-
vices, such as Joule heating, which leads to higher en-
ergy consumption, leakage currents and poor scaling with
size among others1, have sparked profound interest in the
fields of spintronics and magnonics. Spintronics applica-
tions rely in the transmission of information in both spin
and charge degrees of freedom of the electron, whilst in
magnonics information is transmitted via magnetic exci-
tations, spin waves or magnons. Half-metallic materials
with a large Curie temperature are of great interest for
these applications. Due to the fact that they are con-
ductors in only one of the spin channels makes them
ideal candidates for possible devices2. Half-metals also
have certain advantages for magnonic applications, due
to the fact that they are insulators in a spin channel and
thus can have a smaller total density of states at the
Fermi energy than metals. This can result into a small
Gilbert damping, which is an instrumental prerequisite
for magnonic applications3.
The name “full Heusler alloys”refer to a set of com-
pounds with formula X2YZ with X and Y typically being
transition metals4. The interest in them stems from the
fact that their properties can be completely different from
those of their constituents. Heusler compounds can be
superconducting5 (Pd2YSn), semiconductors
6 (TiCoSb),
half-metallic7 (Co2MnSi), and can show a wide array of
magnetic configurations: ferromagnetic7 (Co2FeSi), fer-
rimagnetic8 (Mn2VAl) or antiferromagnetic
9 (CrMnSb).
Due to such a wide variety of behaviours, full Heusler
alloys have been studied in great detail since their dis-
covery in 1903, leading to the discovery of new Heusler
families such as the half-Heuslers, with formula XYZ,
and the inverse Heuslers, with formula X2YZ. The lat-
ter tend to exhibit a different crystal structure and have
been predicted to show quite remarkable properties10.
Many Heusler alloys have also been predicted to be
half-metallic, in particular Co2MnSi has been the focus
of many theoretical and experimental works7,11,12, due to
its large Curie temperature of 985 K13, half-metallicity
and low damping parameter, which makes it an ideal
candidate for possible spintronic applications. Despite
the large amount of research devoted to the half-metallic
Heusler alloys, such as Co2MnSi, only recently theoretical
predictions of the Gilbert damping parameter have been
made for some Heusler alloys14,15.
In the present work first principle calculations of the
full Heusler families Co2MnZ, Co2FeZ and Mn2VZ with
Z = (Al, Si, Ga, Ge) are performed, with special empha-
sis on the determination of the Gilbert damping and the
interatomic exchange interactions. A study treatment of
the systems with different exchange correlation potentials
is also performed.
The paper is organized as follows, in section II the
computational methods used are presented. Then, in
section III, magnetic moments and spectral properties
are discussed. In section IV the results for the exchange
stiffness parameter, the critical temperature obtained via
Monte Carlo simulations and magnon dispersion relations
are presented. Finally in section V, the calculated damp-
ing parameter for the different Heusler is presented and
2discussed.
II. COMPUTATIONAL METHODS
The full Heusler alloys (X2YZ) have a crystal structure
given by the space group Fm-3m with X occupying the
Wyckoff position 8c (1
4
, 1
4
, 1
4
), while Y sits in the 4a (0,0,0)
and Z in the 4b (1
2
, 1
2
, 1
2
).
To determine the properties of the systems first prin-
ciples electronic structure calculations were performed.
They were mainly done by means of the Korringa-Kohn-
Rostocker Green’s function formalism as implemented in
the SPR-KKR package16. The shape of the potential was
considered by using both the Atomic Sphere Approxi-
mation (ASA) and a full potential (FP) scheme. The
calculations of exchange interactions were performed in
scalar relativistic approximation while the full relativis-
tic Dirac equation was used in the damping calculations.
The exchange correlation functional was treated using
both the Local Spin Density Approximation (LSDA), as
considered by Vosko, Wilk, and Nusair (VWN)17, and
the Generalized Gradient Approximation (GGA), as de-
vised by Perdew, Burke and Ernzerhof (PBE)18. For
cases in which substitutional disorder is considered, the
Coherent Potential Approximation (CPA) is used19,20.
Static correlation effects beyond LSDA or GGA are
taken into account by using the LSDA+U approach,
where the Kohn-Sham Hamiltonian is supplemented with
an additional term describing local Hubbard interac-
tions21, for the d-states of Co, Mn and Fe. The U-matrix
describing this on-site interactions was parametrized
through the Hubbard parameter U and the Hund ex-
change J , using values UCo = UMn = UFe = 3 eV and
JCo = JMn = JFe = 0.8 eV, which are in the range of the
values considered in previous theoretical studies13,22–24.
This approach is used for the Heusler alloys families
Co2MnZ and Co2FeZ, as previous studies have shown
that for systems such as Co2FeSi it might be necessary to
reproduce several experimental observations, although,
this topic is still up for debate23. Since part of correla-
tion effects of the 3d orbitals is already included in LSDA,
their contribution has to be subtracted before adding the
+U self-energy. This contribution to be removed is usu-
ally called “double-counting”(DC) correction and there
is no unique way of defining it (see e.g. Ref. 25). We
have used two of the most widely used schemes for the
DC, namely the Atomic Limit (AL), also known as Fully
Localized Limit (FLL)26, and the Around Mean Field
(AMF) 27. The dependence of the results on this choice
will be extensively discussed in the following sections.
In order to shine some light on the importance of
the dynamical correlations for the magnetic properties
of the selected Heusler alloys, a series of calculations
were performed in the framework of DFT plus Dynami-
cal Mean Field Theory (DMFT)28,29, as implemented in
the full-potential linear muffin-tin orbital (FP-LMTO)
code RSPt30. As for LSDA+U , the DMFT calculations
are performed for a selected set of metal 3d orbitals on
top of the LSDA solution in a fully charge self-consistent
manner.31,32 The effective impurity problem, which is the
core of the DMFT, is solved through the spin-polarized
T-matrix fluctuation-exchange (SPTF) solver33. This
type of solver is perturbative and is appropriate for the
systems with moderate correlation effects, where U/W <
1 (W denotes the bandwidth).34 Contrary to the prior
DMFT studies35,36, we have performed the perturba-
tion expansion of the Hartree-Fock-renormalized Green’s
function (GHF ) and not of the bare one. Concerning the
DC correction, we here use both the FLL approach, de-
scribed above, as well as the so-called “Σ(0)”correction.
In the latter case, the orbitally-averaged static part of
the DMFT self-energy is removed, which is often a good
choice for metals29,37. Finally, in order to extract infor-
mation about the magnetic excitations in the systems, we
have performed a mapping onto an effective Heisenberg
Hamiltonian
Hˆ = −
∑
i6=j
Jij~ei~ej , (1)
where Jij is an exchange interaction between the spins lo-
cated at site i and j, while the ~ei (~ej) represents the unity
vector along the magnetization direction at site i (j). The
exchange parameters then are computed by making use
of the well established LKAG (Liechtenstein, Katsnel-
son, Antropov, and Gubanov) formalism, which is based
on the magnetic force theorem38–40. More specific de-
tails about the implementation of the LKAG formalism
in RSPt can be found in Ref. 41. We also note that the
performance of the RSPt method was recently published
in Ref.42 and it was found that the accuracy was similar
to that of augmented plane wave methods.
From the exchange interactions between magnetic
atoms, it is possible to obtain the spin wave stiffness,
D, which, for cubic systems is written as43
D =
2
3
∑
i,j
Jij√
mimj
|rij |2 exp
(
−η rij
alat
)
, (2)
where the mi’s are the magnetic moments of a given
atom, rij is the distance between the two considered mag-
netic moments, alat is the lattice parameter, η is a conver-
gence parameter used to ensure the convergence of Eq. 2,
the value of D is taken under the limit η → 0. To ensure
the convergence of the summation, it is also important
to take into consideration long range interactions. Hence
the exchange interactions are considered up to 6 lattice
constants from the central atom.
The obtained exchange interactions were then used to
calculate the critical temperature by making use of the
Binder cumulant, obtained fromMonte Carlo simulations
as implemented in the UppASD package44. This was
calculated for three different number of cell repetitions
(10x10x10, 15x15x15 and 20x20x20), with the intersec-
tion point determining the critical temperature of the
system45.
3The Gilbert damping, α, is calculated via linear re-
sponse theory46. Temperature effects in the scattering
process of electrons are taken into account by consider-
ing an alloy analogy model within CPA with respect to
the atomic displacements and thermal fluctuations of the
spin moments47. Vertex corrections are also considered
here, because they provide the “scattering in”term of the
Boltzmann equation and it corrects significant error in
the damping, whenever there is an appreciable s-p or s-d
scattering in the system16,48.
From the calculated exchange interactions, the adia-
batic magnon spectra (AMS) can be determined by cal-
culating the Fourier transform of the interatomic ex-
change interactions49. This is determined for selected
cases and is compared with the magnon dispersion re-
lation obtained from the dynamical structure factor,
Sk (q, ω), resulting from spin dynamics calculations. The
Sk (q, ω) is obtained from the Fourier transform of the
time and spatially displaced spin-spin correlation func-
tion, Ck (r− r′, t)50
Sk (q, ω) =
1√
2πN
∑
r,r′
eiq·(r−r
′)
∫ ∞
−∞
eiωtCk (r− r′, t) dt.
(3)
The advantage of using the dynamical structure factor
over the adiabatic magnon spectra is the capability of
studying temperature effects as well as the influence of
the damping parameter determined from first principles
calculations or from experimental measurements.
III. ELECTRONIC STRUCTURE
The calculated spin magnetic moments for the selected
systems are reported in Table I. These values are ob-
tained from SPR-KKR with various approximations of
the exchange correlation potential and for different geo-
metrical shapes of the potential itself. For the Co2MnZ
family, when Z = (Si, Ge), the obtained spin mag-
netic moments do not seem to be heavily influenced by
the choice of exchange correlation potential or potential
shape. However, for Z = (Al, Ga) a large variation is
observed in the spin moment when one includes the Hub-
bard parameter U .
For the Co2FeZ systems, a pronounced difference can
be observed in the magnetic moments between the LSDA
and the experimental values for Z = (Si, Ge). Previ-
ous theoretical works13,22,24 suggested that the inclusion
of a +U term is necessary to obtain the expected spin
magnetic moments, but such a conclusion has been re-
cently questioned23. To estimate which double counting
scheme would be most suitable to treat correlation effects
in this class of systems, an interpolation scheme between
the FLL and AMF treatments was tested, as described
in Ref. 59 and implemented in the FP-LAPW package
Elk60. It was found that both Co2MnSi and Co2FeSi
are better described with the AMF scheme, as indicated
by their small αU parameter of ∼ 0.1 for both materials
(αU = 0 denotes complete AMF and αU = 1 FLL), which
is in agreement with the recent work by Tsirogiannis and
Galanakis61.
To test whether a more sophisticated way to treat cor-
relation effects improves the description of these mate-
rials, electronic structure calculations for Co2MnSi and
Co2FeSi using the DMFT scheme were performed. The
LSDA+DMFT[Σ(0)] calculations yielded total spin mo-
ments of 5.00 µB and 5.34 µB for respectively Co2MnSi
and Co2FeSi. These values are almost equal to those ob-
tained in LSDA, which is also the case in elemental tran-
sition metals32. As mentioned above for LSDA+U , the
choice of the DC is crucial for these systems. The main
reason why no significant differences are found between
DMFT and LSDA values is that the employed “Σ(0)”DC
almost entirely preserves the static part of the exchange
splitting obtained in LSDA62. For instance, by using
FLL DC, we obtained a total magnetization of 5.00 µB
and 5.61 µB in Co2MnSi and Co2FeSi, respectively. We
note that the spin moment of Co2FeSi still does not reach
the value expected from the Slater-Pauling rule, but the
DMFT modifies it in a right direction, if albeit to a
smaller degree that the LSDA+U schemes.
Another important aspect of the presently studied sys-
tems is the fact that they are predicted to be half-
metallic. In Fig. 1, the density of states (DOS) for
both Co2MnSi and Co2FeSi is presented using LSDA and
LSDA+U . For Co2MnSi, the DOS at the Fermi energy
is observed to exhibit a very clear gap in one of the spin
channels, in agreement with previous theoretical works7.
For Co2FeSi, instead a small pseudo-gap region is ob-
served in one of the spin channels, but the Fermi level
is located just at the edge of the boundary as shown in
previous works24. Panels a) and b) of Fig. 1 also show
that some small differences arise depending on the ASA
or FP treatment. In particular, the gap in the minority
spin channel is slightly reduced in ASA.
When correlation effects are considered within the
LSDA+U method, the observed band gap for Co2MnSi
becomes larger, while the Fermi level is shifted and still
remains in the gap. When applying LSDA+U to Co2FeSi
in the FLL scheme, EF is shifted farther away from the
edge of the gap, which explains why the moment becomes
almost an integer as expected from the Slater-Pauling be-
haviour7,24,63. Moreover, one can see that in ASA the gap
in the spin down channel is much smaller in comparison
to the results obtained in FP.
When the dynamical correlation effects are considered
via DMFT, the overall shape of DOS remains to be quite
similar to that of bare LSDA, especially close to the Fermi
level, as seen in Fig. A.1 in the Appendix A. This is re-
lated to the fact that we use a perturbative treatment
of the many-body effects, which favours Fermi-liquid be-
haviour. Similarly to LSDA+U , the LSDA+DMFT cal-
culations result in the increased spin-down gaps, but the
produced shift of the bands is not as large as in LSDA+U .
This is quite natural, since the inclusion of the dynamical
4TABLE I. Summary of the spin magnetic moments obtained using different approximations as obtained from SPR-KKR for the
Co2MnZ and Co2FeZ families with Z = (Al,Si,Ga,Ge). Different exchange correlation potential approximations and shapes of
the potential have been used. The symbol † signifies that the Fermi energy is located at a gap in one of the spin channels.
Quantity Co2MnAl Co2MnGa Co2MnSi Co2MnGe Co2FeAl Co2FeGa Co2FeSi Co2FeGe
alat [A˚] 5.75
51 5.7751 5.6552 5.74353 5.73051 5.73751 5.64023 5.75054
mASALDA [µB ] 4.04
† 4.09† 4.99† 4.94† 4.86† 4.93† 5.09 5.29
mASAGGA [µB ] 4.09
† 4.15† 4.99† 4.96† 4.93† 5.00† 5.37 5.53
mASALDA+U AMF [µB ] 4.02
† 4.08 4.98† 4.98† 4.94† 4.99† 5.19 5.30
mASALDA+U FLL [µB ] 4.77 4.90 5.02
† 5.11 5.22 5.36 5.86† 5.94†
mFPLDA [µB ] 4.02
† 4.08† 4.98† 4.98† 4.91† 4.97† 5.28 5.42
mFPGGA [µB ] 4.03
† 4.11 4.98† 4.99† 4.98† 5.01† 5.55 5.70
mFPLDA+U AMF [µB ] 4.59 4.99 4.98
† 5.13 5.12 5.40 5.98† 5.98†
mFPLDA+U FLL [µB ] 4.03
† 4.17 4.99† 4.99† 4.99† 5.09 5.86† 5.98†
mexp [µB ] 4.04
55 4.0956 4.9657 4.8457 4.9655 5.1557 6.0024 5.7458
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FIG. 1. (Color online) Total density of states for different exchange correlation potentials with the dashed line indicating the
Fermi energy, sub-figures a) and b) when LSDA is used for Co2MnSi and Co2FeSi respectively. Sub-figures c) and d) show the
DOS when the systems (Co2MnSi and Co2FeSi respectively) are treated with LSDA+U . It can be seen that the half metalicity
of the materials can be affected by the shape of the potential and the choice of exchange correlation potential chosen.
correlations usually tends to screen the static contribu-
tions coming from LSDA+U .
According to Ref. 35 taking into account dynami-
cal correlations in Co2MnSi results in the emergence of
the non-quasiparticle states (NQS’s) inside the minority-
spin gap, which at finite temperature tend to decrease
the spin polarisation at the Fermi level. These NQS’s
were first predicted theoretically for model systems64
and stem from the electron-magnon interactions, which
are accounted in DMFT (for review, see Ref. 2). Our
LSDA+DMFT results for Co2MnSi indeed show the ap-
pearance of the NQS’s, as evident from the pronounced
imaginary part of the self-energy at the bottom of the
conduction minority-spin band (see Appendix B). An
analysis of the orbital decomposition of the self-energy
reveals that the largest contribution to the NQS’s comes
5from the Mn-TEg states. However, in our calculations,
where the temperature was set to 300K, the NQS’s ap-
peared above Fermi level and did not contribute to the
system’s depolarization, in agreement with the recent ex-
perimental study12.
We note that a half-metallic state with a magnetic
moment of around 6 µB for Co2FeSi was reported in a
previous LSDA+DMFT[FLL] study by Chadov et al.36.
In their calculations, both LSDA+U and LSDA+DMFT
calculations resulted in practically the same positions of
the unoccupied spin-down bands, shifted to the higher
energies as compared to LSDA. This is due to techni-
cal differences in the treatment of the Hartree-Fock con-
tributions to the SPTF self-energy, which in Ref. 36 is
done separately from the dynamical contributions, while
in this study a unified approach is used. Overall, the
improvements in computational accuracy with respect to
previous implementations could be responsible for the ob-
tained qualitative disagreement with respect to Refs. 35
and 36. Moreover, given that the results qualitatively
depend on the choice of the DC term, the description of
the electronic structure of Co2FeSi is not conclusive.
The discrepancies in the magnetic moments presented
in Table I with respect to the experimental values can in
part be traced back to details of the density of the states
around the Fermi energy. The studied Heusler alloys are
thought to be half-metallic, which in turn lead to inte-
ger moments following the Slater-Pauling rule7. There-
fore, any approximation that destroys half-metallicity
will have a profound effect on their magnetic properties7.
For example, for Co2FeAl when the potential is treated
in LSDA+U [FLL] with ASA the Fermi energy is located
at a sharp peak close to the edge of the band gap, de-
stroying the half-metallic state (See supplementary mate-
rial Fig.1). A similar situation occurs in LSDA+U [AMF]
with a full potential scheme. It is also worth mention-
ing that despite the fact that the Fermi energy for many
of these alloys is located inside the pseudo-gap in one of
the spin channels, this does not ensure a full spin po-
larization, which is instead observed in systems as e.g.
Co2MnSi. Another important factor is the fact that EF
can be close to the edge of the gap as in Co2MnGa when
the shape of the potential is considered to be given by
ASA and the exchange correlation potential is dictated
by LSDA, hence the half-metallicity of these alloys could
be destroyed due to temperature effects.
The other Heusler family investigated here is the ferri-
magnetic Mn2VZ with Z = (Al, Si,Ga,Ge). The lattice
constants used in the simulations correspond to either
experimental or previous theoretical works. These data
are reported in Table II together with appropriate ref-
erences. Table II also illustrates the magnetic moments
calculated using different exchange correlation potentials
and shapes of the potential. It can be seen that in gen-
eral there is a good agreement with previous works, re-
sulting in spin moments which obey the Slater-Pauling
behaviour.
For these systems, the Mn atoms align themselves in
TABLE II. Lattice constants used for the electronic struc-
ture calculations and summary of the magnetic properties for
Mn2VZ with Z = (Al,Si,Ga,Ge). As for the ferromagnetic
families, different shapes of the potential and exchange cor-
relations potential functionals were used. The magnetic mo-
ments follow quite well the Slater-Pauling behavior with all
the studied exchange correlation potentials. The symbol †
signifies that the Fermi energy is located at a gap in one of
the spin channels.
Quantity Mn2VAl Mn2VGa Mn2VSi Mn2VGe
alat [A˚] 5.687
65 5.90566 6.0665 6.09567
mASALDA [µB ] 1.87 1.97
† 1.00† 0.99†
mASAGGA [µB ] 1.99
† 2.04† 1.01† 1.00†
mFPLDA [µB ] 1.92 1.95
† 0.99† 0.99
mFPGGA [µB ] 1.98
† 2.02† 0.99† 0.99†
mexp [µB ] — 1.86
66 — —
an anti-parallel orientation with respect to the V mo-
ments, resulting in a ferrimagnetic ground state. As for
the ferromagnetic compounds, the DOS shows a pseu-
dogap in one of the spin channels (see supplementary
material Fig.8-9) indicating that at T = 0 K these com-
pounds could be half-metallic. An important factor is the
fact that the spin polarization for these systems is usu-
ally considered to be in the opposite spin channel than
for the ferromagnetic alloys presently studied, henceforth
the total magnetic moment is usually assigned to a neg-
ative sign such that it complies with the Slater-Pauling
rule7,65.
IV. EXCHANGE INTERACTIONS AND
MAGNONS
In this section, the effects that different exchange cor-
relation potentials and geometrical shapes of the poten-
tial have over the exchange interactions will be discussed.
A. Ferromagnetic Co2MnZ and Co2FeZ with
Z = (Al,Si,Ga,Ge)
In Table III the calculated spin wave stiffness, D, is
shown. In general there is a good agreement between
the calculated values for the Co2MnZ family, with the
obtained values using LSDA or GGA being somewhat
larger than the experimental measurements. This is in
agreement with the observations in the previous section,
in which the same exchange correlation potentials were
found to be able to reproduce the magnetic moments and
half-metallic behaviour for the Co2MnZ family. In partic-
ular, for Co2MnSi the ASA calculations are in agreement
with experiments68,69 and previous theoretical calcula-
tions70. It is important to notice that the experimen-
tal measurements are performed at room temperature,
which can lead to softening of the magnon spectra, lead-
ing to a reduced spin wave stiffness.
6However, for the Co2FeZ family neither LSDA or GGA
can consistently predict the spin wave stiffness, with
Z=(Al, Ga) resulting in an overestimated value of D,
while for Co2FeSi the obtained value is severely underes-
timated. However, for some materials in this family, e.g.
Co2FeGa the spin wave stiffness agrees with previous the-
oretical results70. These data reflect the influence that
certain approximations have on the location of the Fermi
level, which previously has been shown to have profound
effects on the magnitude of the exchange interactions71.
This can be observed in the half-metallic Co2MnSi; when
it is treated with LSDA+U [FLL] in ASA the Fermi level
is located at the edge of the gap (see Fig. 1c). Result-
ing in a severely underestimated spin wave stiffness with
respect to both the LSDA value and the experimental
measurements (see Table III). The great importance of
the location of the Fermi energy on the magnetic proper-
ties can be seen in the cases of Co2MnAl and Co2MnGa.
In LSDA+U [FLL], these systems show non integer mo-
ments which are overestimated with respect to the ex-
perimental measurements (see Table I), but also results
in the exchange interactions of the system preferring a
ferrimagnetic alignment. Even more the exchange inter-
actions can be severely suppressed when the Hubbard U
is used. For example, for Co2MnGe in ASA the dominant
interaction is between the Co-Mn moments, in LSDA the
obtained value is 0.79 mRy, while in LSDA+U [FLL] is re-
duced to 0.34 mRy, also, the nearest neighbour Co1-Co2
exchange interaction changes from ferromagnetic to anti-
ferromagnetic when going from LSDA to LSDA+U [FLL]
which lead the low values obtained for the spin wave stiff-
ness. As will be discussed below also for the low Tc for
some of these systems.
It is important to notice, that the systems that exhibit
the largest deviation from the experimental values, are
usually those that under a certain exchange correlation
potential and potential geometry loose their half-metallic
character. Such effect are specially noticeable when one
compares LSDA+U [FLL] results in ASA and FP, where
half-metallicity is more easily lost in ASA due to the
fact that the pseudogap is much smaller under this ap-
proximation than under FP (see Fig. 1). In general, it
is important to notice that under ASA the geometry of
the potential is imposed, that is non-spherical contribu-
tions to the potential are neglected. While this has been
shown to be very successful to describe many properties,
it does introduce an additional approximation which can
lead to an ill treatment of the properties of some systems.
Hence, care must be placed when one is considering an
ASA treatment for the potential geometry, since it can
lead to large variations of the exchange interactions and
thus is one of the causes of the large spread on the values
observed in Table III for the exchange stiffness and in
Table IV for the Curie temperature.
One of the key factors behind the small values of the
spin stiffness for Co2FeSi and Co2FeGe, in comparison
with the rest of the Co2FeZ family, lies in the fact that
in LSDA and GGA an antiferromagnetic long-range Fe-
Fe interaction is present (see Fig. C.2 in Appendix C).
As the magnitude of the Fe-Fe interaction decreases the
exchange stiffness increases, e.g. as in LSDA+U [AMF]
with a full potential scheme. These exchange interactions
are one of the factors behind the reduced value of the
stiffness, this is evident when comparing with Co2FeAl,
which while having similar nearest neighbour Co-Fe ex-
change interactions, overall displays a much larger spin
wave stiffness for most of the studied exchange correla-
tion potentials.
Using LSDA+DMFT[Σ (0)] for Co2MnSi and Co2FeSi,
the obtained stiffness is 580 meVA˚
2
and 280 meVA˚
2
re-
spectively, whilst in LSDA+DMFT[FLL] for Co2MnSi
the stiffness is 630 meVA˚
2
and for Co2FeSi is 282 meVA˚
2
.
As can be seen for Co2MnSi there is a good agree-
ment between the KKR LSDA+U [FLL], the FP-LMTO
LSDA+DMFT[FLL] and the experimental values.
The agreement with experiments is particularly good
when correlation effects are considered as in the
LSDA+DMFT[Σ (0)] approach. On the other hand, for
Co2FeSi the spin wave stiffness is severely underesti-
mated which is once again consistent with what is shown
in Table III.
Using the calculated exchange interactions, the criti-
cal temperature, Tc, for each system can be calculated.
Using the ASA, the Tc of both the Co2MnZ and Co2FeZ
systems is consistently underestimated with respect to
experimental results, as shown in Table IV. The same
underestimation has been observed in previous theo-
retical studies78, for systems such as Co2Fe(Al,Si) and
Co2Mn(Al,Si). However, using a full potential scheme
instead leads to Curie temperatures in better agreement
with the experimental values, specially when the ex-
change correlation potential is considered to be given by
the GGA (see Table IV). Such observation is consistent
with what was previously mentioned, regarding the effect
of the ASA treatment on the spin wave stiffness and mag-
netic moments, where in certain cases, ASA was found to
not be the best treatment to reproduce the experimen-
tal measurements. As mentioned above, this is strongly
related to the fact that in general ASA yields a smaller
pseudogap in the half-metallic materials, leading to mod-
ification of the exchange interactions. Thus, in general, a
full potential approach seems to be able to better describe
the magnetic properties in the present systems, since the
pseudogap around the Fermi energy is better described in
a FP approach for a given choice of exchange correlation
potential.
The inclusion of correlation effects for the Co2FeZ fam-
ily, lead to an increase of the Curie temperature, as for
the spin stiffness. This is related to the enhancement of
the interatomic exchange interactions as exemplified in
the case of Co2FeSi. However, the choice of DC once
more is shown to greatly influence the magnetic proper-
ties. For the Co2FeZ family, AMF results in much larger
Tc than the FLL scheme, whilst for Co2MnZ the dif-
ferences are smaller, with the exception of Z=Al. All
these results showcase how important a proper descrip-
7TABLE III. Summary of the spin wave stiffness, D for Co2MnZ and Co2FeZ with Z = (Al, Si,Ga,Ge). For the Co2MnZ family
both LSDA and GGA exchange correlation potentials yield values close to the experimental measurements. However, for the
Co2FeZ family a larger data spread is observed. The symbol
∗ implies that the ground state for these systems was found to be
Ferri-magnetic from Monte-Carlo techniques and the critical temperature presented here is calculated from the ferri-magnetic
ground state.
Quantity Co2MnAl Co2MnGa Co2MnSi Co2MnGe Co2FeAl Co2FeGa Co2FeSi Co2FeGe
DASALDA [meVA˚
2
] 282 291 516 500 644 616 251 206
DASAGGA [meVA˚
2
] 269 268 538 515 675 415 267 257
DASALDA+U FLL [meVA˚
2
] 29 ∗ 487∗ 205 94 289 289 314 173
DASALDA+U AMF [meVA˚
2
] 259 318 443 417 553 588 235 214
DFPLDA [meVA˚
2
] 433 405 613 624 692 623 223 275
DFPGGA [meVA˚
2
] 483 452 691 694 740 730 323 344
DFPLDA+U FLL [meVA˚
2
] 447 400 632 577 652 611 461 436
DFPLDA+U AMF [meVA˚
2
] 216 348 583 579 771 690 557 563
Dexp [meVA˚
2
] 19072 26473 57568-53469 41374 37075 49676 71577 —
tion of the pseudogap region is in determining the mag-
netic properties of the system.
Another observation, is the fact that even if a given
combination of exchange correlation potential and geo-
metrical treatment of the potential can yield a value of
Tc in agreement with experiments, it does not necessarily
means that the spin wave stiffness is correctly predicted
(see Table III and Table IV).
When considering the LSDA+DMFT[Σ(0)] scheme,
critical temperatures of 688 K and 663 K are ob-
tained for Co2MnSi and Co2FeSi, respectively. Thus,
the values of the Tc are underestimated in compari-
son with the LSDA+U or LSDA results. The reason
for such behaviour becomes clear when one looks di-
rectly on the Jij ’s, computed with the different schemes,
which are shown in Appendix C. These results sug-
gest that taking into account the dynamical correlations
(LSDA+DMFT[Σ(0)]) slightly suppresses most of the
Jij ’s as compared to the LSDA outcome. This is an
expected result, since the employed choice of DC correc-
tion preserves the exchange splitting obtained in LSDA,
while the dynamical self-energy, entering the Green’s
function, tends to lower its magnitude. Since these two
quantities are the key ingredients defining the strength
of the exchange couplings, the Jij ’s obtained in DMFT
are very similar to those of LSDA (see e.g. Refs. 41
and 81). The situation is a bit different if one employs
FLL DC, since an additional static correction enhances
the local exchange splitting.82 For instance, in case of
Co2MnSi the LSDA+DMFT[FLL] scheme provided a Tc
of 764 K, which is closer to the experiment. The con-
sistently better agreement of the LSDA+U [FLL] and
LSDA+DMFT[FLL] estimates of the Tc with experimen-
tal values might indicate that explicit account for static
local correlations is important for the all considered sys-
tems.
Using the calculated exchange interactions, it is also
possible to determine the adiabatic magnon spectra
(AMS). In Fig. 2 is shown the effect that different ex-
change correlation potentials have over the description of
the magnon dispersion relation of Co2FeSi is shown. The
most noticeable effect between different treatments of
the exchange correlation potential is shifting the magnon
spectra, while its overall shape seems to be conserved.
This is a direct result from the enhancement of nearest
neighbour interactions (see Fig. C.2).
When comparing the AMS treatment with the dy-
namical structure factor, S (q, ω), at T = 300 K and
damping parameter αLSDA = 0.004, obtained from first
principles calculations (details explained in section V),
a good agreement at the long wavelength limit is found.
However, a slight softening can be observed compared
to the AMS. Such differences can be explained due to
temperature effects included in the spin dynamics sim-
ulations. Due to the fact that the critical temperature
of the system is much larger than T = 300 K (see Ta-
ble IV), temperature effects are quite small. The high
energy optical branches are also softened and in general
are much less visible. This is expected since the correla-
tion was studied using only vectors in the first Brillouin
zone and as has been shown in previous works50, a phase
shift is sometimes necessary to properly reproduce the
optical branches, implying the need of vectors outside
the first Brillouin zone. Also, Stoner excitations dealing
with electron-hole excitations are not included in this ap-
proach, which result in the Landau damping which affects
the intensity of the optical branches. Such effects are not
captured by the present approach, but can be studied
by other methods such as time dependent DFT83. The
shape of the dispersion relation along the path Γ−X also
corresponds quite well with previous theoretical calcula-
tions performed by Ku¨bler84.
B. Ferrimagnetic Mn2VZ with Z = (Al,Si,Ga,Ge)
As mentioned above, the Mn based Mn2VZ full Heusler
family has a ferrimagnetic ground state, with the Mn
atoms orienting parallel to each other and anti-parallel
with respect to the V moments. For all the studied sys-
8TABLE IV. Summary of the critical temperature for Co2MnZ and Co2FeZ with Z = (Al,Si,Ga,Ge), with different exchange
correlation potentials and shape of the potentials. The symbol ∗ implies that the ground state for these systems was found to be
Ferri-magnetic from Monte-Carlo techniques and the critical temperature presented here is calculated from the ferri-magnetic
ground state.
Quantity Co2MnAl Co2MnGa Co2MnSi Co2MnGe Co2FeAl Co2FeGa Co2FeSi Co2FeGe
TLDAc ASA [K] 360 350 750 700 913 917 655 650
TGGAc ASA [K] 350 300 763 700 975 973 800 750
TLDA+Uc ASAFLL [K] 50
∗ 625∗ 125 225 575 550 994 475
TLDA+Uc ASAAMF [K] 325 425 650 600 950 950 650 625
TLDAc FP [K] 525 475 875 825 1050 975 750 750
TGGAc FP [K] 600 525 1000 925 1150 1100 900 875
TLDA+Uc FPFLL [K] 525 475 950 875 1050 975 1050 1075
TLDA+Uc FPAMF [K] 450 450 1000 875 1275 1225 1450 1350
T expc [K] 697
78 694 98513 905 100079 109380 110024 98158
TABLE V. Summary of the spin wave stiffness, D, and the
critical temperature for Mn2VZ with Z = (Al,Si,Ga,Ge) for
different shapes of the potential and exchange correlation po-
tentials.
Quantity Mn2VAl Mn2VGa Mn2VSi Mn2VGe
DASALDA [meVA˚
2
] 314 114 147
DASAGGA [meVA˚
2
] 324 73 149
DFPLDA [meVA˚
2
] 421 206 191
DFPGGA [meVA˚
2
] 415 91 162
Dexp [meVA˚
2
] 53485 — — —
TLDAc ASA [K] 275 350 150 147
TGGAc ASA [K] 425 425 250 250
TLDAc FP [K] 425 450 200 200
TGGAc FP [K] 600 500 350 350
T expc [K] 768
85 78366 — —
tems the Mn-Mn nearest neighbour exchange interactions
dominates. In Table V the obtained spin wave stiffness,
D, and critical temperature Tc are shown. For Mn2VAl,
it can be seen that the spin wave stiffness is trend when
compared to the experimental value. The same under-
estimation can be observed in the critical temperature.
For Mn2VAl, one may notice that the best agreement
with experiments is obtained for GGA in FP. An inter-
esting aspect of the high Tc observed in these materials
is the fact that the magnetic order is stabilized due to
the anti-ferromagnetic interaction between the Mn and
V sublattices, since the Mn-Mn interaction is in general
much smaller than the Co-Co, Co-Mn and Co-Fe inter-
actions present in the previously studied ferromagnetic
materials.
For these systems it can be seen that in general the FP
description yields Tc’s which are in better agreement with
experiment, albeit if the values are still underestimated.
As for the Co based systems the full potential technique
improves the description of the pseudogap, it is impor-
tant to notice that for most systems both in ASA and
FP the half-metallic character is preserved. However, the
density of states at the Fermi level changes which could
lead to changes in the exchange interactions.
As for the ferromagnetic systems one can calculate the
magnon dispersion relation and it is reported in Fig. 3
for Mn2VAl. A comparison with Fig. 2 illustrates some
of the differences between the dispersion relation of a fer-
romagnet and of a ferrimagnetic material. In Fig. 3 some
overlap between the acoustic and optical branches is ob-
served, as well as a quite flat dispersion relation for one
of the optical branches. Such an effect is not observed in
the studied ferromagnetic cases. In general the different
exchange correlation potentials only tend to shift the en-
ergy of the magnetic excitations, while the overall shape
of the dispersion does not change noticeably, which is
consistent with what was seen in the ferromagnetic case.
The observed differences between the LSDA and GGA
results in the small q limit, corresponds quite well with
what is observed in Table V, where the spin wave stiffness
for GGA with the potential given by ASA is somewhat
larger than the LSDA case. This is directly related to the
observation that the nearest neighbour Mn-Mn and Mn-
V interactions are large in GGA than in LSDA. Again,
such observation is tied to the DOS at the Fermi level,
since Mn2VAl is not half-metallic in LSDA, on the other
hand in GGA the half-metallic state is obtained (see Ta-
ble. II.
V. GILBERT DAMPING
The Gilbert damping is calculated for all the previ-
ously studied systems using ASA and a fully relativistic
treatment. In Fig. 4, the temperature dependence of the
Gilbert damping for Co2MnSi is reported for different
exchange-correlation potentials. When correlation effects
are neglected or included via the LSDA+U [AMF], the
damping increases with temperature. On the other hand,
in the LSDA+U [FLL] scheme, the damping decreases as
a function of temperature, and its overall magnitude is
much larger. Such observation can be explained from the
fact that in this approximation a small amount of states
exists at the Fermi energy in the pseudogap region, hence
resulting in a larger damping than in the half-metallic
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FIG. 2. (Color online) a) Adiabatic magnon spectra for
Co2FeSi for different exchange correlation potentials. In the
case of FP-LSDA and LSDA+DMFT[Σ (0)] the larger devia-
tions are observed in the case of high energies, with the DMFT
curve having a lower maximum than the LSDA results. In b)
a comparison of the adiabatic magnon spectra (solid lines)
with the dynamical structure factor S (q, ω) at T = 300 K,
when the shape of the potential is considered to be given
by the atomic sphere approximation and the exchange cor-
relation potential to be given by LSDA, some softening can
be observed due to temperature effects specially observed at
higher q-points.
cases(see Fig. 1c).
In general the magnitude of the damping, αLSDA =
7.4 × 10−4, is underestimated with respect to older ex-
perimental measurements at room temperature, which
yielded values of α = [0.003− 0.006]86 and α ∼ 0.025
for polycrystalline samples87, whilst it agrees with previ-
ously performed theoretical calculations14. Such discrep-
ancy between the experimental and theoretical results
could stem from the fact that in the theoretical calcula-
tions only the intrinsic damping is calculated, while in
experimental measurements in addition extrinsic effects
such as eddy currents and magnon-magnon scattering
can affect the obtained values. It is also known that sam-
FIG. 3. (Color online) Adiabatic magnon dispersion relation
for Mn2VAl when different exchange correlation potentials
are considered. In general only a shift in energy is observed
when considering LSDA or GGA with the overall shape being
conserved.
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FIG. 4. (Color online) Temperature dependence of the Gilbert
damping for Co2MnSi for different exchange correlation po-
tentials. For LSDA, GGA and LSDA+U [AMF] exchange cor-
relation potentials the damping increases with temperature,
whilst for LSDA+U [FLL] the damping decreases as a function
of temperature.
ple capping or sample termination, can have profound ef-
fects over the half-metallicity of Co2MnSi
88. Recent ex-
periments showed that ultra-low damping, α = 7× 10−4,
for Co1.9Mn1.1Si can be measured when the capping
is chosen such that the half-metallicity is preserved89,
which is in very good agreement with the present theo-
retical calculations.
In Fig. 5, the Gilbert damping at T = 300 K for the
different Heusler alloys as a function of the density of
states at the Fermi level is presented. As expected, the
increased density of states at the Fermi energy results in
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FIG. 5. (Color online) Gilbert damping for different Heusler
alloys at T = 300 K as a function of density of states at the
Fermi energy for LSDA exchange correlation potential. In
general the damping increases as the density of states at the
Fermi Energy increases (the dotted line is to guide the eyes).
an increased damping. Also it can be seen that in gen-
eral, alloys belonging to a given family have quite similar
damping parameter, except for Co2FeSi and Co2FeGe.
Their anomalous behaviour, stems from the fact that
in the LSDA approach both Co2FeSi and Co2FeGe are
not half-metals. Such clear dependence on the density of
states is expected, since the spin orbit coupling is small
for these materials, meaning that the dominating con-
tribution to the damping comes from the details of the
density of states around the Fermi energy90,91.
1. Effects of substitutional disorder
In order to investigate the possibility to influ-
ence the damping, we performed calculations for the
chemically disordered Heusler alloys Co2Mn1−xFexSi,
Co2MeAl1−xSix and Co2MeGa1−xGex where Me =
(Mn, Fe).
Due to the small difference between the lattice param-
eters of Co2MnSi and Co2FeSi, the lattice constant is
unchanged when varying the concentration of Fe. This
is expected to play a minor role on the following results.
When one considers only atomic displacement contribu-
tions to the damping (see Fig. 6a), the obtained values
are clearly underestimated in comparison with the exper-
imental measurements at room temperature92. Under
the LSDA, GGA and LSDA+U [AMF] treatments, the
damping is shown to increase with increasing concentra-
tion of Fe. On the other hand, in LSDA+U [FLL] the
damping at low concentrations of Fe is much larger than
in the other cases, and it decreases with Fe concentration,
until a minima is found at Fe concentration of x ∼ 0.8.
This increase can be related to the DOS at the Fermi
energy, which is reported in Fig. 1c for Co2MnSi. One
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FIG. 6. (Color online) Gilbert damping for the random alloy
Co2Mn1−xFexSi as a function of the Fe concentration at T =
300 K when a) only atomic deisplacements are considered and
b) when both atomic displacements and spin fluctuations are
considered.
can observe a small amount of states at EF , which could
lead to increased values of the damping in comparison
with the ones obtained in traditional LSDA. As for the
pure alloys, a general trend relating the variation of the
DOS at the Fermi level and the damping with respect to
the variation of Fe concentration can be obtained, anal-
ogous to the results shown in Fig. 5.
When spin fluctuations are considered in addition to
the atomic displacements contribution, the magnitude of
the damping increases considerably, as shown in Fig. 6b.
This is specially noticeable at low concentrations of Fe.
Mn rich alloys have a Tc lower than the Fe rich ones,
thus resulting in larger spin fluctuations at T = 300 K.
The overall trend for LSDA and GGA is modified at low
concentrations of Fe when spin fluctuations are consid-
ered, whilst for LSDA+U [FLL] the changes in the trends
occur mostly at concentrations between x = [0.3− 0.8].
An important aspect is the overall good agreement of
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LSDA, GGA and LSDA+U [AMF]. Instead results ob-
tained in LSDA+U [FLL] stand out as different from the
rest. This is is expected since as was previously men-
tioned the FLL DC is not the most appropriate scheme
to treat these systems. An example of such inadequacy
can clearly be seen in Fig. 6b for Mn rich concentrations,
where the damping is much larger with respect to the
other curves. As mentioned above, this could result from
the appearance of states at the Fermi level.
Overall the magnitude of the intrinsic damping pre-
sented here is smaller than the values reported in experi-
ments92, which report values for the damping of Co2MnSi
of α ∼ 0.005 and α ∼ 0.020 for Co2FeSi, in comparison
with the calculated values of αLSDA = 7.4 × 10−4 and
αLSDA = 4.1 × 10−3 for Co2MnSi and Co2FeSi, respec-
tively. In experiments also a minimum at the concentra-
tion of Fe of x ∼ 0.4 is present, while such minima is not
seen in the present calculations. However, similar trends
as those reported here (for LSDA and GGA) are seen in
the work by Oogane and Mizukami15. A possible reason
behind the discrepancy between theory and experiment,
could stem from the fact that as the Fe concentration
increases, correlation effects also increase in relative im-
portance. Such a situation cannot be easily described
through the computational techniques used in this work,
and will affect the details of the DOS at the Fermi energy,
which in turn could modify the damping. Another im-
portant factor influencing the agreement between theory
and experiments arise form the difficulties in separating
extrinsic and intrinsic damping in experiments93. This,
combined with the large spread in the values reported in
various experimental studies87,94,95, points towards the
need of improving both theoretical and experimental ap-
proaches, if one intends to determine the minimum damp-
ing attainable for these alloys with sufficient accuracy.
Up until now in the present work, disorder effects
have been considered at the Y site of the Heusler struc-
ture. In the following chemical disorder will be consid-
ered on the Z site instead. Hence, the chemical structure
changes to the type Co2MeZ
A
1−xZ
B
x (Me=Fe,Mn). The
alloys Co2MeAlxSi1−x and Co2MeGaxGe1−x are consid-
ered. The lattice constant for the off stoichiometric com-
positions is treated using Vegard’s law96, interpolating
between the values given in Table I.
In Fig. 7 the dependence of the damping on the con-
centration of defects is reported, as obtained in LSDA.
For Co2FeGaxGe1−x as the concentration of defects in-
creases the damping decreases. Such a behaviour can
be understood by inspecting the density of states at the
Fermi level which follows the same trend, it is important
to notice that Co2FeGa is a half-metallic system, while
Co2FeGe is not (see table I). On the other hand, for
Co2FeAlxSi1−x, the damping increases slightly with Al
concentration, however, for the stoichiometric Co2FeAl
is reached the damping decreases suddenly, as in the pre-
vious case. This is a direct consequence of the fact that
Co2FeAl is a half metal and Co2FeSi is not, hence when
the half-metallic state is reached a sudden decrease of
the damping is observed. For the Mn based systems, as
the concentration of defects increases the damping in-
creases, this stark difference with the Fe based systems.
For Co2MnAlxSi1−x this is related to the fact that both
Co2MnAl and Co2MnSi are half-metals in LSDA, hence,
the increase is only related to the fact that the damp-
ing for Co2MnAl is larger than the one of Co2MnSi, it
is also relevant to mention, that the trend obtained here
corresponds quite well with what is observed in both ex-
perimental and theoretical results in Ref.86. A similar
explanation can be used for the Co2MnGaxGe1−x alloys,
as both are half-metallic in LSDA. As expected, the half
metallic Heuslers have a lower Gilbert damping than the
other ones, as shown in Fig. 7.
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FIG. 7. (color online) Dependence of the Gilbert damping
for the alloys Co2MeAlxSi1−x and Co2MeGaxGe1−x with Me
denoting Mn or Fe under the LSDA exchange correlation po-
tential.
VI. CONCLUSIONS
The treatment of several families of half-metallic
Heusler alloys has been systematically investigated us-
ing several approximations for the exchange correlation
potential, as well as for the shape of the potential. Spe-
cial care has been paid to the calculation of their mag-
netic properties, such as the Heisenberg exchange inter-
actions and the Gilbert damping. Profound differences
have been found in the description of the systems de-
pending on the choice of exchange correlation potentials,
specially for systems in which correlation effects might be
necessary to properly describe the presumed half-metallic
nature of the studied alloy.
In general, no single combination of exchange correla-
tion potential and potential geometry was found to be
able to reproduce all the experimentally measured mag-
netic properties of a given system simultaneously. Two
of the key contributing factors are the exchange correla-
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tion potential and the double counting scheme used to
treat correlation effects. The destruction of the half-
metallicity of any alloy within the study has profound
effects on the critical temperature and spin wave stiff-
ness. A clear indication of this fact is that even if the
FLL double counting scheme may result in a correct de-
scription of the magnetic moments of the system, the
exchange interactions may be severely suppressed. For
the systems studied with DMFT techniques either mi-
nor improvement or results similar to the ones obtained
from LSDA is observed. This is consistent with the in-
clusion of local d − d screening, which effectively dimin-
ishes the strength of the effective Coulomb interaction
with respect to LSDA+U (for the same Hubbard param-
eter U). In general, as expected, the more sophisticated
treatment for the geometrical shape of the potential, that
is a full potential scheme, yields results closer to experi-
ments, which in these systems, is intrinsically related to
the description of the pseudogap region.
Finally, the Gilbert damping is underestimated with
respect to experimental measurements, but in good
agreement with previous theoretical calculations. One of
the possible reasons being the difficulty from the experi-
mental point of view of separating intrinsic and extrinsic
contributions to the damping, as well as the strong de-
pendence of the damping on the crystalline structure.
A clear correlation between the density of states at the
Fermi level and the damping is also observed, which is
related to the presence of a small spin orbit coupling
in these systems. This highlights the importance that
half-metallic materials, and their alloys, have in possible
spintronic and magnonic applications due to their low in-
trinsic damping, and tunable magnetodynamic variables.
These results could spark interest from the experimental
community due to the possibility of obtaining ultra-low
damping in half-metallic Heusler alloys.
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Appendix A: DOS from LSDA+DMFT
Here we show the DOS in Co2MnSi and Co2FeSi ob-
tained from LSDA and LSDA+DMFT calculations. The
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FIG. A.1. (color online) DOS in Co2FeSi (top panel) and
Co2MnSi (bottom panel) obtained in different computational
setups.
results shown in Fig. A.1 indicate that the DMFT in-
creases the spin-down (pseudo-)gap in both Co2FeSi and
Co2MnSi. In the latter case the shift of the bands is more
pronounced. In Co2FeSi it manifests itself in an enhanced
value of the total magnetization. For both studied sys-
tems, the FLL DC results in relatively larger values of
the gaps as compared with the “Σ(0)”estimates. How-
ever, for the same choice of the DC this gap appears to
be smaller in LSDA+DMFT than in LSDA+U . Present
conclusion is valid for both Co2FeSi and Co2MnSi (see
Fig. 1 for comparison.)
Appendix B: NQS in Co2MnSi
Here we show the calculated spectral functions in
Co2MnSi obtained with LSDA+DMFT[Σ(0)] approach.
As discussed in the main text, the overall shape of DOS
is reminiscent of that obtained in LSDA. However, a cer-
tain amount of the spectral weight appears above the
minority-spin gap. An inspection of the imaginary part
of the self-energy in minority-spin channel, shown in the
bottom panel of Fig. B.1, suggests a strong increase of
Mn spin-down contribution at the corresponding ener-
gies, thus confirming the non-quasiparticle nature of the
obtained states. We note that the use of FLL DC formu-
lation results in an enhanced spin-down gap which pushes
the NQS to appear at even higher energies above EF (see
Appendix A).
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shown for the “Σ(0)”DC.
Appendix C: Impact of correlation effects on the
Jij ’s in Co2MnSi and Co2FeSi
In this section we present a comparison of the ex-
change parameters calculated in the framework of the
LSDA+DMFT using different DC terms. The calculated
Jij ’s between different magnetic atoms within the first
few coordination spheres are shown in Fig. C.1. One can
see that the leading interactions which stabilize the fer-
romagnetism in these systems are the nearest-neighbour
intra-sublattice couplings between Co and Fe(Mn) atoms
and, to a lower extend, the interaction between two Co
atoms belonging to the different sublattices. This qual-
itative behaviour is obtained independently of the em-
ployed method for treating correlation effects and is in
good agreement with prior DFT studies. As explained
in the main text, the LSDA and LSDA+DMFT[Σ(0)] re-
sults are more similar to each other, whereas most of the
Jij ’s extracted from LSDA+DMFT[FLL] are relatively
enhanced due to inclusion of an additional static contri-
bution to the exchange splitting. This is also reflected in
both values of the spin stiffness and the Tc.
In order to have a further insight into the details of
the magnetic interactions in the system, we report here
the orbital-resolved Jij ’s between the nearest-neighbours
obtained with LSDA. The results, shown in Table. C.1,
reveal few interesting observations. First of all, all the
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FIG. C.1. (color online) The calculated exchange parameters
in Co2MnSi within LSDA and LSDA+DMFT for different
choice of DC.
TABLE C.1. Orbital-resolved Jij ’s between the nearest neigh-
bours in Co2MnSi in mRy. In the case of Co1-Co1, the second
nearest neighbour value is given, due to smallness of the first
one. The results were obtained with LSDA.
Total Eg − Eg T2g − T2g Eg − T2g T2g − Eg
Co1-Co1 0.070 0.077 -0.003 -0.002 -0.002
Co1-Co2 0.295 0.357 -0.058 -0.002 -0.002
Co-Mn 1.237 0.422 -0.079 0.700 0.194
Mn-Mn 0.124 -0.082 0.118 0.044 0.044
T2g-derived contributions are negligible for all the inter-
actions involving Co atoms. This has to do with the
fact that these orbitals are practically filled and therefore
can not participate in the exchange interactions. As to
the most dominant Co-Mn interaction, the Eg − Eg and
Eg − T2g contributions are both strong and contribute
to the total ferromagnetic coupling. This is related to
strong spin polarisation of the Mn-Eg states.
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FIG. C.2. Exchange interactions for Co2FeSi within LSDA
and LSDA+U schemes and a full potential approach for dif-
ferent DC choices.
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Correlation effects also have profound effects on the ex-
change interactions of Co2FeSi. In particular, the Fe-Fe
interactions can be dramatically changed when consid-
ering static correlation effects. It is specially noticeable
how the anti-ferromagnetic exchange interactions can de-
crease significantly which can affect the exchange stiffness
and the critical temperature as described in the main
text. Also the long-range nature of the Fe-Fe interac-
tions is on display, indicating that to be able to predict
macroscopic variables from the present approach, atten-
tion must be paid to the cut-off range. As in Co2MnSi,
correlation effect do not greatly affect the Co-Co ex-
change interactions.
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